Purpose The experiment was performed to determine the effect a commercial potting mix partially replaced with dewatered aquaculture effluent had on tomato transplant growth. Methods The experiment was designed as a 2 9 3 factorial and evaluated two water sources (water-soluble, inorganic fertilizer or municipal water) and three soilless substrates with 0, 5 or 10 % dewatered aquaculture effluent (v/v) on substrate properties and tomato (Solanum lycopersicum Mill. 'Bolseno') transplant growth. The layout was a completely randomized design with twelve single-pot replications for each treatment.
Introduction
Aquaculture is one of the fastest growing sectors of agriculture. A decline in capture fisheries, coupled with a strong consumer-driven demand for aquaculture products, has resulted in the adoption of intensive fish production facilities. Aquaculture farms have intensified and require solutions to manage discharged wastes. Recirculating aquaculture systems (RAS) have incorporated water treatment technology to manage toxic dissolved nutrients and solid waste. This technology allows the producer to maximize production per unit area and reuse limited freshwater resources. The RAS technology is used to produce popular food species like Nile tilapia (Oreochromis niloticus; Azim and Little 2008) . To ensure water quality remains optimal for the fish, a RAS discharges concentrated organic matter and dissolved wastes daily. Even though the point of discharge is well defined, the concentrated organic matter and dissolved nutrients are still a liability for the producer. Effluent leaving production facilities is regulated by environmental agencies (Ebeling et al. 2005) . Capturing and treating discharged wastes on-site would help intensive aquaculture production facilities address waste management regulations and prevent eutrophication.
While intensive aquaculture facilities are examining technologies to capture and treat discharged effluent, the horticulture industry is evaluating alternative soilless substrates for vegetable seedling production. Sphagnum peatmoss remains extremely important to the US greenhouse industry and is used as a primary component for greenhouse grown plants because of its desirable physical and chemical properties. Some regions of peatlands around the world face pressure from industrial and agricultural interests. These environmental impacts of peat harvesting have been debated in North America and Europe for a number of years. As a result, environmental agencies along with the peat industry have launched conservation efforts. In addition, transportation costs have escalated to ship peat affecting profitability for horticulture producers; therefore, the horticulture industry has evaluated alternative substrates to substitute peat for tomato seedling production. Alternative substrates investigated were coconut coir (Arenas et al. 2002) , wood fiber (Gruda and Schnitzler 2004) , rice hulls (Evans and Gachukia 2004) , spent mushroom waste (Eudoxie and Alexander 2011) , swine waste (Ribeiro et al. 2007) , municipal solid waste (Herrera et al. 2008; Kasmi et al. 2012) , pulp mill sludge (Levy and Taylor 2003) , vermicompost (Atiyeh et al. 2000; Bachman and Metzger 2008) and green waste composts (Ceglie et al. 2011) . However, few experiments investigated solid matter in aquaculture effluent as a substrate amendment for vegetable seedlings.
Boyd and Tucker (1998) reported only 25 to 30 % of the nitrogen input to an aquaculture production system is assimilated in the final fish biomass. Integrated agriculture systems could help improve use of farm inputs, like fish feed. Nitrogen (Rakocy et al. 2003) and phosphorus (Adler et al. 2003) concentrations in treated aquaculture effluent are suitable for plant production. Palada et al. (1999) reported field grown bell peppers (Capsicum annuum L.) provided aquaculture effluent grew well compared to other fertilizers evaluated. Nair (2006) reported coleus (Coleus 9 hybridus Blume) grew well in substrates containing vermicomposted aquaculture effluent. Danaher et al. (2011) reported composted aquaculture effluent was a good alternative substrate for tomato (Solanum lycopersicum). Tomato transplants also responded positively to substrate partially replaced with dewatered aquaculture effluent at 5-15 % container volume (Danaher et al. 2014) . Pantanella et al. (2011) reported composted aquaculture effluent was a suitable substrate replacement for containerized lettuce (Lactuca sativa L.) and basil (Ocimum basilicam L.) production.
The objective of this experiment was to evaluate tomato plant growth in response to different combinations of substrate and water sources and determine if dewatered aquaculture effluent could partially replace a commercial substrate while providing adequate nutrients for plant growth.
Materials and methods
The discharged aquaculture effluent (AE) was collected from a 100-m 3 intensive, freshwater RAS producing Nile tilapia. A 3.5 m 9 1.5 m woven geotextile bag (U.S. Fabrics, Inc., Cincinnati, OH) and polyacrylamide polymer Hyperfloc CE 854 (Hychem, Inc., Tampa, FL) were used to dewater discharged AE. After repeated fillings, the bag was allowed to dewater and was cut open to remove the solids. Solids were allowed to air-dry and then further processed with a hammer mill (Model 30; C.S. Bell Co., Tiffin, OH) to pass through 0.635-cm screen. Two substrates were prepared prior to the experiment by substituting (v/v) Fafard 3B (F3B) mix (Conrad Fafard, Inc., Agawam, MA) with 5 or 10 % AE. The F3B mix consisted of Canadian sphagnum peat moss (50 %), processed pine bark, perlite, vermiculite, starter nutrients, wetting agent and dolomitic limestone. A composite sample of the F3B and AE was taken and analyzed at the Auburn University Soils Laboratory for chemical properties (Table 1) . Saturated media method was used to extract soluble salts and elements were determined simultaneously by inductively coupled plasma atomic emission spectrometry using a radial spectrometer (Vista-MPX; Varian Inc., Palo Alto, CA). The substrate pH was determined using a bench-top meter (Fisher Accumet Model 50, Fisher Scientific). Inorganic nitrogen was analyzed according to Sims et al. (1995) and total nitrogen and carbon according to methods described by Kirsten (1979) .
Three replicates of each substrate were used to determine total porosity (TP), container capacity (CC), airspace (AS), and bulk density (BD) following procedures described by Bilderback et al. (1982) . The BD (g cm -3 ) was determined from 347.5 cm -3 substrate samples dried in a forced air oven at 70°C for 72 h. Physical properties of substrates are presented in Table 2 . Four replicates of each substrate were analyzed for particle size distribution (PSD) by passing a 100 g sample through 9.5, 6.35, 3.35, 2.36, 2.0, 1.4, 1.0, 0.5, and 0.25 mm sieves with particles passing through the 0.25 mm sieve collected in a pan. Sieves were shaken for 3 min with a Ro-Tap sieve shaker [278 oscillations/min, 159 taps/min (Ro-Tap RX-29; W.S.Tyler, Mentor, OH)]. The PSD for each substrate is presented in Table 3 . The non-destructive Virginia Tech pour-through extraction method (Wright 1986 ) was used to determine substrate pH and electrical conductivity (EC) of substrate leachate using a bench-top multiparameter meter (Accumet Excel XL50; Fisher Scientific; Table 4 ).
The experiment was performed in a double-layer, polyethylene-covered greenhouse at the E.W. Shell Fisheries Center, North Auburn Unit, in Auburn, Alabama from 22 October to 17 November 2012. The trial was designed as a 2 9 3 factorial evaluating two water sources (water-soluble, inorganic fertilizer or municipal water) and F3B mix substituted with different amounts (0, 5, or 10 %) of AE. The experiment was a completely randomized design with twelve single-pot replications for each treatment. Tomato seeds were germinated in a 288-cell flat containing F3B mix and on 22 October, one uniform transplant was transferred into each 473 cm -3 square (9.84 cm 9 8.57 cm) plastic pot (Dillen TM Products, Middlefield, OH) containing the aforementioned substrates when the first true leaves developed. All pots were placed on raised benches and for the first week all pots were watered with municipal water as needed.
Thereafter, pots were watered as needed according to treatment with either municipal water or fertigated, twice weekly, using a Dosatron Ò (Dosatron International, Inc., Clearwater, FL) injector at 100 mg•L -1 nitrogen with a water-soluble 20N-4.4P-16.6K fertilizer (SDT Industries, Inc., Winnsboro, LA) containing chelated micronutrients. All treatments were watered until substrate reached saturation (i.e., until water leached from the bottom of the pot). At 25 days after potting (DAP) leaf greenness was quantified for all plants using a chlorophyll meter (SPAD-502; Minolta Camera Company, Ramsey, NJ) and taking the average reading of four random leaflets per plant (Table 5) . Plant height was measured 26 DAP (Table 5) . Stem dry matter (SDM), leaf dry matter (LDM), root dry matter (RDM), and total plant dry matter (TDM) were measured 26 DAP (Table 6 ). The TDM included cotyledons.
Two-way analysis of variance (ANOVA) was used to determine the main effect of substrate and water on tomato plant growth. If a significant interaction existed (P B 0.05), pairwise comparisons on the individual group means within each simple effect were conducted and means were separated using the Bonferroni adjusted a-level (P B 0.05). If no significant (P [ 0.05) statistical interaction was identified, the main effects of substrate and water were analyzed separately and means were separated by Tukey's test (P B 0.05). 
Results and discussion
The AS and CC were unaffected by increased proportions of AE (Table 2) ; however, the inclusion of AE at C5 % container volume resulted in greater substrate BD. Bulk density of soilless substrate typically increases as the amount of animal-based wastes used to amend the substrate increases (Atiyeh et al. 2001) . The PSD provides some explanation for the difference in TP and BD among substrates (Table 3) . As the amount of AE increased, the percent of coarse-sized particles decreased and the percent of medium-sized particles increased. This redistribution of particle size affected the physical properties of the substrates. Melgar-Ramirez and Pascual-Alex (2010) and Hicklenton et al. (2001) reported container substrate physical properties were influenced by increased levels of compost; nonetheless, the substrate physical properties in the present study were optimal (Yeager et al. 2007 ).
There was no substrate and water interaction for pH or EC of container leachate at 4, 19, or 25 DAP ( Marble et al. (2010) also reported elevated pH of container substrates with increased amounts of composted poultry litter. In addition, MelgarRamirez and Pascual-Alex (2010) also reported a direct relationship between the quantity of vermicompost and substrate pH of container media. In the present study, the substrate leachate pH for AE amended substrates approached optimal ranges by 19 DAP and remained lower than 0 % AE for the remainder of the experiment.
Proportions of C5 % AE increased substrate leachate EC values at 4 DAP ( Table 4 ). The substrate leachate EC value of 10 % AE remained greater than other substrates at 19 and 25 DAP, but 5 % AE was similar to 0 % AE at 19 and 25 DAP (Table 5) . Increased substrate leachate EC values observed with 10 % AE may have resulted from the continuous physical breakdown and release of soluble salts. A substrate and water interaction affected plant SPAD readings at 25 DAP (Table 5) . Fertigating tomato plants grown in substrates with 0 % AE improved SPAD readings 21.6 % compared to plants grown in the same substrate with municipal water. The commercial mix alone did not contain enough nutrients to sustain plant growth. There was a substrate and water interaction affecting plant height at 26 DAP (Table 5) . Fertigating tomato plants grown in substrate with 0 % AE improved plant height 27.2 % compared to plants grown in the same substrate and municipal water, indicating the potting mix alone did not have sufficient nutrients to maintain plant growth for a 26-day growing period. The combination of fertilizer and 5 % AE increased plant height 19 % compared to the other substrates. Plant height improved approximately 41 % using C5 % AE and municipal water compared to substrate with 0 % AE and municipal water.
There was a substrate and water interaction affecting LDM, SDM, RDM, and TDM at 26 DAP. Fertigating tomato plants grown in substrate with 0 % AE improved LDM, SDM, RDM, and TDM 140, 167, 40, and 129 %, respectively, compared to plants grown with the same substrate with municipal water (Table 6 ). Fertigating tomato plants grown in 5 % AE improved LDM, SDM, RDM, and TDM 14, 8, 25 , and 15 %, respectively, compared to plants grown with 5 % AE and municipal water (Table 6 ). This suggests these potting mixtures, alone, were unable to supply the plants with sufficient amounts of nutrients, but fertigating these substrates improved plant growth. When substrate was partially replaced with 10 % AE water source had no effect on plant growth indices, indicating this potting mix did have sufficient nutrients to maintain plant growth without the need for additional inorganic fertilizer. Atiyeh et al. (2000) and Danaher et al. (2014) report substrates partially replaced with \20 % animal waste and supplied with all required mineral nutrients improved growth of tomato plants compared to traditional substrates. Their results correspond to the present experiment. But the present findings further advocate the potential benefit of AE alone as a nutrient source for tomato seedling production. In this experiment, different growth responses of tomato seedlings occurred when grown with specific combinations of amended F3B under fixed water regimes. Starter nutrients in the commercial mix were unable to supply sufficient amounts of nutrients for 26-day-old tomato plants requiring the addition of commercial fertilizer to improve plant growth. Although water source did make a difference in final growth indices for 5 % AE, the difference between plants receiving fertigation or municipal was small. Water source had no impact on plant growth 26 DAP for plants grown in 10 % AE, indicating this substrate could provide optimal physico-chemical parameters and sufficient nutrients for tomato plant growth without the need for fertigation.
The physical and chemical properties of different organic substrates are unique; therefore, each substrate should be characterized prior to partial replacement of container substrate to optimize plant growth. Atiyeh et al. (2001) and Subler et al. (1998) reported the incorporation of 5 and 10 %, respectively, vermicompost into container media improved growth of tomato transplants. Both Atiyeh et al. (2000) and Herrera et al. (2008) reported 30 % replacement of commercial mix with vermicompost and municipal solid waste, respectively, enhanced tomato plant growth while greater amounts decreased plant growth. In studies by Lazcano et al. (2009) and Danaher et al. (2011) , substitution of C50 % container mix with alternative soilless substrates improved tomato transplant growth. Jahromi et al. (2012) reported commercial mix replaced with C60 % compost outperformed the peat-based substrate even though EC concentrations exceeded 3.5 mS cm -1 . Physical and chemical properties of organic wastes are non-uniform between animal species and consecutive batches at the same farm (García-Delgado et al. 2007; Naylor et al. 1999) . Therefore, it is critical the horticulture producer evaluates the material before and after traditional substrates are partially replaced.
A simple economic analysis was done to determine the cost of obtaining the solid component created by the geotextile bag and polymer. It was based on an actual 5-month production period of Nile tilapia produced in the 100 m 3 biofloc system at the E.W. Shell Fisheries Center, North Auburn Unit, in Auburn, AL. The cost of the 4.6 9 3.1 m, 10 oz, non-woven geotextile bag was $171 and two, 19 liter buckets of liquifloc 1 % chitosan ($102 per bucket) were required to flocculate the discharged effluent. The total cost of materials was $375. A total of 1505 kg of tilapia diet (dry weight) was fed to the 100 m 3 biofloc system over the five-month production period and approximately 284 kg of solids (dry weight), or 19 % of the diet fed, was captured in the geotextile bag. This equates to $1.32 per kg for dewatered solid matter (dry weight).
Conclusions
Increasing the proportion of dewatered aquaculture effluent to 10 % container volume provided optimal physical and chemical properties for tomato plant growth, but different tomato growth responses occurred when grown with specific combinations of substrate and water source. In an integrated production system the dewatered effluent from the fish production system could be utilized as a resource for the production of tomato transplants without the need for additional inorganic fertilizer.
